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The Protective Effects of Various Stress Modalities
on Ischemic/Reperfused Hearts of Rats

Jong-Wan Park, M.D., Hong-Gwan Seo, M.D.,** Myung-Suk Kim, M.D.
Department of Pharmacology, College of Medicine, Seoul National University, Seoul, Korea
Department of Family Medicine, College of Medicine, Inje University, Seoul, Korea**

Background : It has been found that stress challenge with heat shock produces the ac-
quisition of cellular resistance to ischemic injury in the hearts, which is associated with stress
protein induction. The conventional heat shock(42 T of rectal temperature for 15min, anesthe-
tized animal), however, is strong enough to endanger the animal life and then not suitable for
practical application in human. The present study was performed in an attempt to search the
safely applicable stress modalities to acquire the myocardial tolerance to ischemia-reperfusion in-
jury.

Methods : Male, Sprague-Dawley rats(200 - 250g) were exposed to various stressful con-
ditions, such as heat stimulation(environmental temperature of 42C for 30min, live animal),
swimming(20min), immobilization(60min), treadmill exercise(20M/min, 30min) - and hy-
perbaric oxygenation(3atm, 60min) given once a day for 5Sdays. Twenty-four hours after the
last application the hearts were isolated and perfused with oxygenated Krebs-Henseleit buffer
solution by Langendorff method. Ischemia-reperfusion injury was produced by 20 min-global
ischemia followed by 30 min-reperfusion. Cardiac mechanical function, lactate dehydrogenase
release, the induction of stress proteins were assayed and compared between the stressed and
the control animals.

Results : Upon reperfusion after ischemia the recovery of cardiac function was significantly
improved in the stressed animals. The percentile recovery at 30min of reperfusion was in a
range from 55.3%(swimming) to 89.3%(treadmill exercise), which was significantly higher than
that of the control hearts(38%). The functional recovery of the conventional heat shocked heart
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was 57.7%. In stressed animals, lactate dehydrogenase release, which indicates myocardial cell in-
jury, was significantly reduced by 20 to 30% compared to that for the control. The expression
of an inducible form of 70 series stress protein, SP72, which was assayed by immunoblotting
method, was markedly increased by heat stimulation while the other stress modalities failed to
increase it. There were no appreciable inductions of SP73(constitutive form) and GRP78 in the

stressed animals.

Conclusion : These results suggest that the cardiac protection from the ischemia-reperfusion
injury could be induced by the repetitive non-fatal stress stimulations and that SP70 family pro-
teins may be partly involved in the cardioprotective effect produced by heat stimulation, but
not play the essential roles in anti-ischemic effects produced by other stress modalities.

KEY WORDS : Ischemia-reperfusion injury - Stress - Stress protein.
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3t 2EH 25 wjFs7] st FEAS 22T &
SPF z7AoZ fAAIZTh 2Eds gide] Im-
munoblotting®) AH33 anti-hsp73, anti-hsp72,
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100% Ata7t §AEE ntarldl Yol 1412 59
A 2EE2E 7189

(c) IMMOBILIZATION(D) : A3 2EAe] J
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Fig. 1. The course of functional recovery at reperfusion after 20min ischémia in isolated hearts of stressed rats(C : con-
trol, n=18; S : swimming, n=11; | : immobilization, n=11; t : treadmill exercise, n=10; H : mild heat stress,
n=12; O : hyperbaric oxygenation, n=12). Each point represents the mean value.
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g. 2. Functional recovery at 30 min reperfusion after 20
min ischemia. HS : conventional heat shock, n=
8 ; the other symbols and number of experiment
are same to those in Fig. 1. Each bar represents
the mean and SE. *p < 0.05 vs control in Student’
s t-test.
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Fig. 3. Time course of changes in left ventricular end diastolic pressure{LVEDP) in post-ischemic reperfused hearts of
stressed rats. The symbols and the number of experiment are same to those in Fig. 1. Each point represents the

mean value.
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Fig. 4. LVEDP in post-ischemic reperfused hearts of stress- Fig. 5. LDH release after 20min ischemia in post-ischemic

ed rats. left ventricular end diastolic pressure
(LVEDP) was measured at 30min after reperfusion.
The symbols an the number of experiment are
same to those in Fig. 2. Each bar represents the
mean the SE. *p < 0.05 vs control in Student's t-
test.

reperfused hearts of stressed rats. The amount of lac-
tate dehydrogenase{LDH) released into the per-
fusate during the first 5 minute period of the re-
perfusion phase was measured by the enzymatic
method. Each bar represents the mean and SE. *p <
0.05 vs control in Student's t-test.
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Fig. 6. Immunoblot analysis of SP70 series in stressed rat
hearts.
The left numbers : standard markers for molecular
weight.
The right numbers : SP72, SP73, GRP78 and actin.
Tye symbols are same to those in Fig. 1.
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